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SPIN ASYMMETRIES AT RHIC 
AND POLARIZED PARTON DISTRIBUTIONS 



S. HINO, M. HIRAI, S. KUMANO, M. MIYAMA a 
Department of Physics, Saga University 
Saga 840-8502, Japan 

We discuss polarized parton distributions and their effects on spin asymmetries 
at RHIC. In particular, transversity distributions and transverse spin asymmetry 
are studied. First, we show the Q 2 evolution difference between a transversity 
distribution and a corresponding longitudinally polarized distribution. The differ- 
ence could be an important test of perturbative QCD in high-energy spin physics. 
Then, the transverse spin asymmetry Att is calculated with possible transver- 
sity distributions. Next, we study antiquark flavor asymmetry A T u/ A T d in the 
transversity distributions by using a simple model. Its effects on the transverse 
spin asymmetry are also discussed. 



1 Introduction 

It is important to test the proton spin structure through transversely polarized 
structure functions, particularly the leading-twist structure function h\. There 
are three major reasons for investigating the transversity distribution hi, which 
is often denoted as A T q or 8q. The first reason is to test our knowledge of high- 
energy spin physics in another spin observable in addition to the longitudinally 
polarized ones. The second is to study a relativistic aspect of nucleon structure. 
Because nonrelativistic quark models predict the same transversity distribution 
as the longitudinally polarized one, the difference could reflect the relativistic 
aspect. The third could be more important. Because the transversity Q 2 
evolution is very different from the longitudinal one as shown in section 3, the 
difference is a good test of perturbative QCD in spin physics. 

The transversity distributions are expected to be measured in the trans- 
versely polarized Drell-Yan process at RHIC. We should try to understand the 
properties of hi before the experimental data are taken—Jn this paper, we 
discuss the Q 2 evolution of the transversity distributions Em and compare its 
results with those of the longitudinally polarized ones.S Then, the transverse 
spin asyiHipetry Att is investigated in connection with the transversity distri- 
butions, uu Next, a possible antiquark flavor asymmetry A T u/ A T d is studied 
in a simple quark model, and its effects on Att are shown. 
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2 Q 2 evolution equation for transversity distributions 

The transversity distribution A T q can be expressed in the parton model. It is 
given by the probability to find a quark with spin polarized along the transverse 
spin of a polarized proton minus the probability to find it polarized oppositely: 
A T q = q-\ — qi- Its leading-order (LO) Q 2 evolution equation was derived in 
1990, El and the next-to-leading-order (NLO) form was completed in 1997. □ 

Because of the chiral-odd nature of the transversity distribution, the gluon 
does not participate in the evolution equation. Therefore, the DGLAP evolu- 
tion equation is very different from the ones for the longitudinal evolution. It 
is simply given by a single integrodiffercntial equation, 

where A T P q ± is the splitting function for the transversity distribution. The 
notation q^ in the splitting function indicates the A T q + = A T q + A T q or 
A T q~ — A T q — A T q distribution type. The a s (Q 2 ) is the running coupling 
constant. The transversity NLO evolution is the same in the MS and MS 
schemes. Even though the distribution may not be flavor nonsinglet, the evo- 
lution equation looks like the "usual" nonsinglet one without coupling to the 
gluon term. 

Dividing the variables x and Q 2 into small steps, we solve the DGLAP 
integrodifferential equation by the E,uler method in the variable Q 2 and by the 
Simpson method in the variable x.u Numerical results indicate that accuracy 
is better than 1% in the region 10~ 5 < x < 0.8 if more than fifty Q 2 steps and 
more than five hundred x steps are taken. Our Q 2 evolution program could be 
obtained upon email request |] 

3 Q 2 evolution results 

Because the transversity distributions themselves are not measured yet, it takes 
time for finding their scaling violation. On the other hand, the Q 2 dependence 
is important for predicting spin asymmetries. In particular, the transversity 
evolution is very different from the longitudinal one as we show in this section. 
We discuss the evolution results for the flavor singlet transversity distribution 
A T q s = '^2 i (A T q i + A T q~i) .til The evolution of the flavor asymmetric distribution 
A T u — A T d is discussed in section |]. There is a problem in studying the 
transversity evolution in the sense that the input distribution is not available 
at this stage. However, it is known within quark models that the transversity 
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distributions are almost the same as the corresponding longitudinally polarized 
distributions. Therefore, we may use a longitudinal distribution as an input 
transversity distribution at small Q 2 . 

The singlet evolution results are 
shown in Fig. |l|. The initial transver- 
sity and longitudinally polarized distri- 
butions are assumed as the same GS-A 
distribution at Q 2 =4 GeV 2 , and they 
are shown by the dotted curve. It is 
evolved to the distributions at Q 2 =200 
GeV 2 by the transverse or longitudi- 
nal evolution equation. The LO and 
NLO evolution results are shown by the 
dashed and solid curves. Because the 
evolution is from Q 2 =4 GeV 2 to 200 
GeV 2 , the NLO contributions are not so large. It is known that the NLO 
effects are significant in the small Q 2 region, Q 2 < 2 GeV 2 . The transversity 
NLO effects increase the evolved distribution at medium-large x and also at 
small x (<0.01), and they decrease the distribution in the intermediate x region 
(0.01 < x < 0.1). The transversity NLO effects arc different from the longitudi- 
nal NLO ones; however, it is more interesting to find large differences between 
the evolved transversity and longitudinally-polarized distributions. For exam- 
ple, the evolved transversity distribution A T q s is significantly smaller than the 
longitudinal one Aq s in the region x ~ 0.1. The magnitude of A T q s itself 
is also smaller than that of Aq s at very small x (< 0.07). Therefore, as we 
mentioned in the introduction, the study of the transversity distributions is 
important for testing the perturbative aspect of QCD in spin physics. 



Figure 1: Q evolution of the singlet 
transversity and longitudinally polarized 
distributions. 



4 Antiquark flavor asymmetry and transverse spin asymmetry 

It is now well known that light antiquark distributions are not flavor symmet- 
ricB according to the NMC, NA51, and E866 experimental data. In particular, 
the recent_Fj866 Drell-Yan data revealed the x dependence of the u — d dis- 
tribution. El The mechanisms for producing the asymmetry are virtual meson 
clouds, Pauli exclusion principle, and others. On the other hand, the anti- 
quark flavor asymmetry in the polarized distributions is not known at this 
stage except for a few theoretical predictions. Because the polarized antiquark 
distributions are measured at RHIC, it is important to investigate a possible 
asymmetric distribution. In the following, we study the flavor asymmetry in 
the transversity distributions. 
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Figure 2: Q 2 evolution of x(A T u — A T d) 
distribution. The initial distribution is 
A T u - A T d = at Q 2 = 0.34 GeV 2 . 



First, we discuss the perturbative 
contributions. They are expected to be 
smalltj because there is no LO contribu- 
tion. Due to the difference between the 
splitting functions A T P q ± in Eq. (|l|), 
there is a finite perturbative contribu- 
tion to A T u — A T d. U We choose the 
GRSV distributions at Q 2 =0.34 GeV 2 
as the initial ones although perturbative 
calculations may not be valid in such 
a small Q 2 region. Despite the initial 
distributions are flavor symmetric, the 
NLO evolution produces finite distributions in Fig. However, because the 
magnitude is rather small, the perturbative mechanism would not be the major 
source for the flavor asymmetry. 

Many theoretical papers are writ- 
ten on the unpolarized flavor asymme- 
try u — d. Although the meson-cloud 
mechanism is most successful among the 
models, the polarized asymmetry is not 
well studied. In order to estimate the 
order of magnitude of A T u — A T d and 
its effects on the transverse spin asym- 
metry, we use a simple picture based 
on the Pauli exclusion principle, a Be- 
cause the proton spin-up state is de- 
scribed in the SU(6) quark model as 
\p + >=(l/VG)[2\u + u + d->-\u + U-d+>- 
probability as u + = 5/3, u_ = 1/3, d + 




Figure 3: Q 2 evolution of x(A T u — A T d) 
distribution. The initial distribution is 
suggested by the Pauli exclusion model. 



|ii_ii-)-<if>], we have each quark state 
1/3, and d- = 2/3. These equa- 
tions indicate that it is more difficult to create the spin-up u (spin-down d) 
quark than the spin-down u (spin-up d) according to the exclusion princi- 
ple. Then, assuming that the exclusion effect is the same as the unpolarized, 
(u\ — u\)/{u\ — i4) = (d s — u s )/(u v — d v ) and a similar equation for cf s — d|, 
we have A( T \u = —0.13 and A/T)d = +0.05.13 This exclusion model should be 
valid only at very small Q 2 , so that the GRSV parametrization is chosen in our 
analysis. In order to estimate the distributions and the spin asymmetry Att, 
the GRSV distributions are modified to have the first moments: Atu = —0.13 
and Axd = +0.05. The initial A T u — A T d distribution and its Q 2 evolution 
results are shown in Fig. |^. Because the polarization excess is larger in the u 
quark, the exclusion effect is dominated by the negative u quark polarization. 
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We have also calculated the transverse spin asymmetries at the RHIC en- 
ergy y/s = 200 GeV. In the flavor symmetric case, the Drell-Yan spin asymme- 
try Att is of the order of 0.5~1% in the dimuon mass region 100 < M 2 < 500 
GeV 2 . If the flavor asymmetry is taken into account, it increases to 1~2%. 
There is an indication of the A T u/ A T d asymmetry in Att] however, the va- 
lence quark distributions have to be fixed first in order to find A T u and A T d. 
Because Att is rather small, we had better try other processes such as Z° and 
jet production processes or semi-inclusive muon scattering.Lj Because the trans- 
verse asymmetry A T u/ A T d cannot be measured through_the production 
processes, we should think about possible measurements. U 



5 Summary 

We have discussed the transversity distributions, in particular their Q 2 evo- 
lution. Because the evolved transversity distribution is very different from 
the longitudinally polarized one, the difference could be an important test of 
perturbative QCD. Next, we studied possible flavor asymmetric distributions 
A T u — A T d and their Q 2 evolution. Because the perturbative QCD effects 
are rather small, we should investigate nonperturbative mechanisms for creat- 
ing the flavor asymmetry. Calculated spin asymmetries Att ar e rather small, 
which suggests that we had better rely also on other measurements for finding 
the accurate transversity distributions. 



References 



1. X. Artru and M. Mekhfi, Z. Phys. C45 (1990) 669. 

2. S. Kumano and M. Miyama, Phys. Rev. D56 
Hayashigaki, Y. Kanazawa, and Y. Koike, Phys. Rev. 
W. Vogelsang, Phys. Rev. D57 (1998) 1886. 

3. M. Hirai, S. Kumano, and M. Miyama, Comput. Phys. Commun. 108 



(1997) 2504; A. 
D56 (1997) 7350; 



(1998) 38; hcp-ph/971241C (in press); research in progress. 

S. Hino and S. Kumano, rese arch in progress. 

S. Kumano, bcp-ph/9702367 , Phys. Rep. in press. 

E. A. Hawker et al. ( E866 collaboration ), Phys. Rev. Lett. 80 (1998) 
3715; J. C. Peng et al. " 



hep-ph/9804288 



O. Martin, A. Schafer, M. Stratmann, and W. Vogelsang, Phys. Rev. 
D57 (1998) 3084. 

F. Buccella and J. Softer, Mod. Phys. Lett. A8 (1993) 225; see sections 
4.2 and 4.7 of Ref. 5 and references therein. 

P. J. Mulders and R. D. Tangerman, Nucl. Phys. B461 (1996) 197; R. 
Jacob, contribution to this workshop. 



5 



